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@ Separator for separating water from a flow of air.

@ The intake for a fuel vapour storage canister (12)
separates entrained water from the entering purge
flow. A separator (10) in the form of an open-ended
box includes a series of alternating, interleaved, and
downwardly sloped fins (28,30,32), the free edges of
which create a series of restricting gaps (Xi - Xa)
that decrease in size in the upstream direction. Each
gap, for some defined subrange of the total possible
range of flow rates, accelerates the flow into the fin
(28,30,32) above it at the optimal velocity for water

stripping.
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This invention relates to a separator adapted to
remove entrained water from a flow of air drawn
from surrounding atmosphere and used to purge
adsorbed fuel vapour from a storage canister.

Vehicle fuel systems have long used activated
carbon filled canisters to hold temporarily fuel vap-
ours that would have been simply vented in years
past. The stored vapours are desorbed from the
carbon when the engine runs by using a manifold
vacuum to draw fresh air from the surrounding
atmosphere through the canister, and ultimately fo
the engine for burning. This process is generally
referred to as purging, and the air drawn in referred
o as purge air.

In order to achieve maximum purge efficiency,
purge air cannot be drawn in at a constant flow
rate. Instead, various computer controls and valves
are used to draw purge air at the maximum rate
that can be handled by the engine under the deter-
mined conditions. While there is a known
maximum-to-minimum fotal range of purge flow
rates, the actual rate will vary continually.

Another factor that can potentially affect effi-
ciency is that the purge flow may in fact be more
than just air, and may include a significant percent-
age of entrained water in the form of a fine mist or
droplets. While this is apparently not a well recog-
nized problem, it is known that water in the carbon
canister can adversely affect its fuel vapour ad-
sorption capacity. In the future, even larger carbon
canisters may have to be carried in vehicle loca-
tions where they will be subjected to higher water
percentages in the purge air flow.

The general problem of entrained water sepa-
ration is recognized in the gas purification field.
Louver type separators are known that pass the
flow across an array of slats in such a way that it
impinges upon the surface of the slats. The en-
trained water is stripped from the flow, collecting
on the surface of the slats. It has been found that
there is an optimal flow velocity, in the range of
2.13 to 3.05 metres per second (7-10 feet per
second), at which the stripped and collected water
will not be picked up again by the passing flow.
Therefore, it is a relatively simple matter to design
the equipment so that the flow is drawn in at the
optimal velocity. However, as noted above, this is
not feasible in vehicle evaporative control systems,
where the flow rate varies.

The present invention seeks to provide an im-
proved separator.

According to an aspect of the present inven-
tion, there is provided a separator for removing
entrained water from a flow of air as specified in
claim 1.

The provision of restricting gaps of different
sizes enables substantially optimum flow velocity to
be reached, so as to provide substantially the opti-
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mum separation of water over a variety of air flow
rates.

In a preferred embodiment the restricting gaps
decrease in size in the direction of the air flow, and
the separator is arranged so that separated water
droplets move back towards and out of the inlet of
the separator. With this arrangement of restricting
gaps, the separated water droplets will see a
gradually reducing air flow velocity, and there will
thus be substantially no possibility of the water
droplets being re-entrained into the air flow.

In another embodiment, the restricting gaps
increase in size in the direction of the air flow. For
example, as will be apparent to the skilled person,
the separator could be designed such that sepa-
rated water droplets are made to move in the
direction of the air flow and then removed from the
separator by any suitable means.

The invention can provide a separator for re-
moving entrained water from a purge air flow that is
effective over a variety of inflow velocities.

In the embodiment described below, the sepa-
rator includes an inflow chamber in the form of an
open ended box that is fixed to the vehicle body
with the open end at the bottom. A purge tube
opens through the upper end of the box, and purge
vacuum is applied thereto to draw a purge flow
from ambient through the lower end. A series of
four downwardly sloped fins is integrally moulded
inside the box, each with a free edge that termi-
nates deliberately short of an opposed side wall,
thereby creating a restricting gap. The fins are
interleaved and alternated, so that the next fin in
the series is above a gap. The fins are succes-
sively longer, so that the gaps they create de-
crease from bottom to top. Each gap is chosen so
that its area will, for some subrange of entering
flow rate, accelerate the flow to approximately the
optimal velocity for water separation.

In operation, when purge is commenced, a flow
from ambient is drawn in from ambient at whatever
flow rate the purge program calls for. The purge
flow enters the open box end, and then travels up
and around the fins in series in a tortuous, serpen-
tine path, passing through each successive gap
before reaching the purge line at the top. The
underside of each fin is exposed to the airflow that
slips past the edge of the fin beneath, which im-
pinges forcefully thereon. The entering flow is ac-
celerated as it passes through each successively
smaller gap. At some point, because of the way in
which the gaps are deliberately sized, the flow
velocity will approach the optimal separation ve-
locity, the entrained water droplets will collect on
the underside of the fin just above. As a result of
the downward fin slope, collected water can drain
down, opposite to the purge flow direction. Since it
faces an ever slower flow, the draining water will
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not be re-entrained, and can simply fall out the
bottom.

With the invention, it is therefore possible to
remove entrained water from the purge flow into a
vehicle fuel vapour canister. It can also provide a
separator that is not dependent on providing a
single, constant rate of inflow to the separator.

The invention can also provide a separator that
uses a series of fins on which the flow successively
impinges, and a series of successively decreasing
gaps through which the flow must pass, thereby
successively accelerating the flow so that the flow
impinging on some fin can be expected to approxi-
mate the optimal velocity for water separation. It
can also provide a separator in which the fins are
arranged fo allow the entrained water to drain down
without being picked up again by the downstream
flow.

According to another aspect of the present
invention, there is provided a vehicle comprising a
fuel vapour canister and a separator as herein
specified, the separator being adapted to provide
purge air to the fuel vapour canister.

An embodiment of the present invention is
described below, by way of illustration only, with
reference to the accompanying drawing, in which:

Figure 1 is a perspective view of an embodi-

ment of separator with part of the case thereof
shown broken away; and

Figure 2 is a side view of an open side of the
case showing the flow direction.

Referring to the drawing, a preferred embodi-
ment of separator 10 is adapted for use in conjunc-
tion with a vehicle fuel evaporation control system,
the main component of which is an activated car-
bon canister 12. Canister 12 stores excess fuel
vapours by adsorption, which are later purged
when manifold vacuum draws fresh air in from the
surrounding atmosphere, through a purge line 14.
The purge flow rate is deliberately varied by the
vehicle's control system, so that as much vapour
can be purged as the engine can handle at any
point in time. A constant purge flow rate would be
simpler to create, but not nearly so efficient. While
the purge flow rate provided through purge line 14
varies, the total range over which it varies from
maximum to minimum can be predicted fairly
closely. Separator 10 is designed on the basis of
that known fotal range of purge flow rates.

Separator 10 is basically a rectangular, hollow
box, moulded of a suitably hard plastics material
such as nylon. Although it is moulded with an open
side for ease of manufacture, as shown, that side
of the box would be closed when mounted to the
vehicle. Separator 10 is then totally sealed except
for the open inlet 16 at one end and the opposite
end surface 18, which receives the purge line 14.
Separator 10 is mounted vertically, with inlet 16 at
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the bottom and end surface 18 at the top. There-
fore, when a vacuum is applied through purge line
14, a purge flow of air and whatever is mixed with
the air is drawn through inlet 16 to purge line 14.
The upstream direction of flow depends on the
orientation of separator 10, and in the embodiment
shown in the Figures is upward, counter to gravity.
Inlet 16 is large enough so as not to restrict sub-
stantially the flow of ambient air that the vehicle's
vacuum is able to draw in, and the pressure dif-
ferential between purge line 14 and inlet 16 will not
be great enough fo cause any significant expansion
or contraction of the air drawn in. So, the predicted
total range of flow rates through purge line 14 will
be seen at inlet 16, as well. Separator 10 includes
an interior structure that works on the purge flow fo
remove any water entrained therein, described
next.

Being a basic box, separator 10 has three side
walls, 20, 22 and 24, all of which would be substan-
tially vertical when separator 10 is mounted as
shown. Moulded integrally to the interior is a series
of four fins 26 to 32 which are interleaved and
alternating. That is, two fins 26 and 30 are moulded
to side wall 20 and the centre side wall 24, and the
other two fins 28 and 32, are moulded to the centre
side wall 24 and the side wall 22 opposite o side
wall 20. Fins 26-32 are substantially evenly spaced
from one another in the vertical direction, and each
is also sloped slightly downwardly, towards the
opening 16, about fifteen degrees from the horizon-
tal. However, each fin is deliberately of different
length, shorter than the fin above it. Thus, the free
edge of each fin 26-32 is spaced from its opposite
side wall 20 or 22 by an increasingly smaller
amount, creating four different restricting gaps of
successively decreasing size, numbered X,
through Xs. As a result of their alternating, inter-
leaved relation, the underside of every fin except
the first fin 26 faces the gap created by the fin
below it, while first fin 26 directly faces inlet 16.
When the separator 10 is mounted and its open
side is closed, there is no flow path available from
inlet 16 to purge line 14 other than around the free
edges of the fins.

Referring to Figure 2, the operation of separa-
tor 10 is illustrated. When a vacuum is applied at
purge line 14, a purge flow is created that enters
inlet 16, moving up and through each gap in a
forced serpentine pattern. Since each successive
gap is smaller, the purge flow will be restricted in
area and its speed will be accelerated and in-
creased as it slips past the free edge of each
successive fin. This effect is visually represented
by the narrowing and lengthening arrows. The flow
through each gap will also be forced to impinge
upon the underside of the fin just above it. If the
flow velocity is within the optimal water stripping
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velocity range at that point, the entrained water
droplets will collect on the underside of the fin
upon which it impinges. Below that speed, the
water is not stripped out, and above that speed, the
water is picked up by the flow and re-entrained.
The size of the gaps X1-Xs is chosen to assure that
substantially the optimal velocity is achieved
through at least one gap, for any possible flow rate.
The method of sizing the fins is described further
below.

In the example illustrated in Figure 2, the op-
timal stripping speed has been achieved as the
flow slipped past the free edge of fin 30, through
gap Xs, so it is the uppermost fin 32 that provides
the collection surface. As a result of the downward
slope of fin 32, and of all the fins below it, the
collected water droplets can drain down, landing on
the upper side of each successive sloped fin 30-26,
and ultimately out of the bottom inlet 16, as illus-
trated. Since in this embodiment the gaps succes-
sively increase in the downstream direction, the
flow velocity that the draining water sees will be
continually decreasing, and the water will not be
blown back upstream and re-entrained. In addition,
any dust mixed in the purge flow will collect on the
fins as well, and be washed off with the draining
water.

To achieve the operation described above, the
sizes of the various gaps Xi1-Xs are chosen on the
basis of the predetermined total range of possible
purge flow rates. The flow rate, in terms of volume
per unit of time, would be substantially the same at
all points in the flow path, since there is no signifi-
cant expansion or contraction of the air. The ve-
locity of flow at any point in the flow path, in terms
of length per unit of time, will differ with the area of
the flow path at that point. Therefore, the velocity
or speed with which the flow passing through any
gap impinges upon the fin above depends on the
area of that gap. Knowing the total possible range
of flow rates for the particular system, from mini-
mum fo maximum, and knowing that the optimal
velocity for stripping water from the purge flow is
about 2.13 to 3.05 metres per second (7-10 feet
per second), the designer chooses the area of each
gap Xi1-Xs such that the optimal flow velocity range
will be achieved over some calculated subrange of
flow rates. For example, if the maximum expected
flow rate is 70 litres per minute, it can be cal-
culated that an area of 3.8 cm? will yield a flow
velocity of 3.05 metres per second (10 feet per
second). That area, in turn, will yield a speed of
2.13 metres per second (7 feet per second) when
the flow rate is about 48 litres per minute. There-
fore, if the largest gap X; is set at 3.8 cm? then it
will create the optimal stripping velocity over a flow
rate subrange of 70 to 48 litres per minute. The
same process, starting with an upper limit of 48, is
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used to calculate X and its particular flow rate
subrange, and so on, until the subranges together
add up to the total expected range of flow rates.
The number of gaps necessary will vary with the
breadth of the expected total range. In the particu-
lar embodiment disclosed, it will be noted that
there is no fin directly above the last gap Xi.
However, the flow at that point will impinge directly
on the upper end surface 18, which will in effect
act like another fin and provide a collection surface.
Another option would be to have the inlet 16 of a
size adapted to serve as one of the gaps that
creates the optimal flow speed. However, the lower
fin 26 is short enough that its underside would not
likely provide as efficient a collection surface as
upper end surface 18.

Variations in the preferred embodiment could
be made. The interior of the separator could be
provided with a series of flow accelerating gaps
that were structurally unrelated to the collection
surfaces above them. That would be a more com-
plex and less compact structure than the embodi-
ment disclosed, where the free edge of each fin
also cooperates to create the flow accelerating gap
for the fin above. The vertical orientation of the
separator and downward slope of the fins coop-
erate to create the self draining action described.
Neither might be necessary if the amount of water
anticipated was not great. Or, a horizontally ori-
ented separator could be provided with small drain
holes separate from the main inlet. This would
mean that some flow would be drawn in from the
surrounding atmosphere other than just through the
inlet, and when provided, the successively decreas-
ing flow velocity through the series of gaps would
still assure that collected water would not be re-
entrained.

Claims

1. A separator for removing entrained water from
a flow of air drawn from the surrounding at-
mosphere, comprising a chamber (10) includ-
ing an inlet (16) into which air is drawn from
the surrounding atmosphere and an outlet (14);
a plurality of restricting gaps (X1 - Xs) of
different sizes within the chamber and adapted
fo vary the velocity of the flow of air through
the chamber so as to provide substantially the
optimum velocity for separating entrained wa-
ter over a plurality of air flow rates; and a
plurality of collection surfaces (28,30,32,18)
disposed within the chamber, each substan-
tially upsteam of a respective restricting gap
relative to the direction of flow of air through
the chamber and adapted to cause the air
accelerated through the gaps to impinge on
one or more of the surfaces and to separate
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the water from the flow of air.

A separator according to claim 1, wherein the
restricting gaps (Xi - Xi) decrease in size
successively in the direction of flow of air 5
through the chamber, the separator being dis-
posed in use such that water droplets sepa-
rated from the flow of air move towards the

inlet (16), thereby facing a decreasing air flow
velocity towards the inlet so as substantially to 10
prevent the water droplets being re-entrained

into the flow of air.

A separator according to claim 1 or 2, wherein

the collection surfaces (28,30,32,18) of the 15
separator (10) are provided on respective sep-
arator fins (28,30,32,18) each of which fins
comprises a free edge past which air flows in

use before reaching the collection surface of

the next fin in the direction of the air flow, the 20
free edges forming the restricting gaps (X -

X4) within the chamber.

A separator according to claim 3, wherein each
separator fin (28,30,32,18) slopes towards the 25
inlet (16), whereby in use water droplets sepa-

rated from the air flow move over the separator

fins towards and out of the inlet.

A vehicle comprising a fuel vapour canister 30
(12) and a separator (10) according to any
preceding claim, the separator being adapted

to provide purge air o the fuel vapour canister.
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